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(57) ABSTRACT 

A three-dimensional shape measuring method and a mea 
suring apparatus thereof that alloW the operation of a robot 
to be readily taught and set in a short time When a three 
dimensional measuring device mounted on the robot is 
caused to move along the surface of a Work, thereby 
measuring the shape of the Work. Ablock data representative 
of measurement operation that causes the three-dimensional 
measuring device, Which is a laser scanner, to move along 
the surface of the Work is set and recorded. Then longitu 
dinally copying (Step S2) and laterally copying (Step S3) 
block data is longitudinally and laterally copied after enter 
ing the siZe and basic shape type of the Work. Then the shape 
of the Work is measured on the basis of the copied block 
data. 

13 Claims, 16 Drawing Sheets 
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THREE-DIMENSIONAL SHAPE MEASURING 
METHOD AND MEASURING APPARATUS 

THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of and an 

apparatus for measuring a three-dimensional shape, and 
more particularly to a method of and an apparatus for 
measuring a three-dimensional shape by causing a three 
dimensional measuring unit mounted on a robot to trace the 
surface of a Workpiece to measure the surface shape of the 
Workpiece. 

2. Description of the Related 
Three-dimensional measuring units can measure the posi 

tion and shape of a Workpiece by tracing the surface of the 
Workpiece. Heretofore, it has been customary either for the 
person Who is to measure the Workpiece to carry a three 
dimensional measuring unit and trace the surface of the 
Workpiece With the three-dimensional measuring unit, or to 
install a three-dimensional measuring unit on a dedicated 
gatepost-shaped coordinate measuring device for measure 
ment. If the person directly holds the three-dimensional 
measuring unit for measurement, then it is burdensome for 
the person When it takes a long time to measure the Work 
piece. Further, the gatepost-shaped coordinate measuring 
device is of a complex structure and is expensive. 

In vieW of the above, efforts have recently been made to 
install a three-dimensional measuring unit on the arm of a 
robot and to operate the three-dimensional measuring unit to 
measure the surface shape of a workpiece. 

There has been proposed a similar technology for recog 
niZing reference points set in an external space or a Work 
piece With a position measuring unit and measuring the 
shape of a recogniZed measurement area With a laser scanner 
(see, e. g., Japanese Laid-Open Patent Publication No. 2003 
505682 (WO0l/007866)). 

If a robot is used to measure the surface shape of a 
Workpiece, then it is necessary to train the robot for mea 
suring operation, and to establish reference teach points. 
Though it is a simple task to establish teach points, it takes 
a signi?cant amount of time because the number of teach 
points involved is large. Particularly, When Workpieces to be 
measured are provided in various types, it is necessary for 
the operator to retrain the robot for each Workpiece type, and 
hence is burdensome for the operator. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
of and an apparatus for measuring a three-dimensional 
shape, Which make it possible to train a robot for operation 
simply Within a short period of time for causing a three 
dimensional measuring unit mounted on the robot to trace 
the surface of a Workpiece to measure the surface shape of 
the Workpiece. 

According to the present invention, there is provided a 
method of measuring a three-dimensional surface shape of a 
Workpiece by moving a three-dimensional measuring unit 
mounted on a robot to trace a surface of the Workpiece, 
comprising a ?rst step of setting and recording block data 
representing a measuring operation to cause the three 
dimensional measuring unit to trace a predetermined area, a 
second step of setting a length and/or a height of the 
Workpiece, a third step of selecting one of a plurality of basic 
shape types Which is similar to a shape of the Workpiece, a 
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2 
fourth step of duplicating the block data such that a hypo 
thetical block representing the block data covers an area to 
be measured of the surface of the Workpiece Which is 
projected onto a hypothetical space, depending on the 
selected basic shape type and the length and/or the height of 
the Workpiece, and a ?fth step of measuring the surface 
shape of the Workpiece based on the duplicated block data. 
By thus measuring the surface shape of the Workpiece 

based on the duplicated block data, the robot can be trained 
for operation simply Within a short period of time. 
The three-dimensional measuring unit may include a 

displacement gage for measuring the distance up to the 
Workpiece, and the robot may be operated based on the 
distance measured by the displacement gage to move the 
three-dimensional measuring unit toWard or aWay from the 
Workpiece to keep the three-dimensional measuring unit in 
a measurable range from the Workpiece While the measuring 
operation is performed. 

If the block data comprises data representing a motion 
pattern for reciprocally moving the three-dimensional mea 
suring unit in strokes spaced by a detection Width, then the 
block data can be generated ef?ciently and the surface shape 
of the Workpiece can be measured ef?ciently. 

In the duplicating step, the block data may be deformed 
and duplicated to make the method highly ?exible With 
respect to Workpieces available in a variety of types. 

In the measuring step, after the surface shape is measured 
based on predetermined block data and When the surface 
shape is measured based on next block data, a base of the 
robot may be moved in positional alignment With the next 
block data to alloW the block data to be duplicated Without 
the need for changing parameters. Therefore, the process of 
duplicating the block data is easily performed. 

If the base is placed on a movable carriage to move 
together With the movable carriage, then the base can be 
moved accurately and easily. 

According to the present invention, there is also provided 
a method of measuring a three-dimensional surface shape of 
a Workpiece by moving a three-dimensional measuring unit 
mounted on a robot to trace a surface of the Workpiece, 
comprising a step of setting a basic path for moving the 
three-dimensional measuring unit a predetermined distance, 
and a step of duplicating the basic path a plurality of times 
at predetermined intervals to set block data representing a 
measuring operation to cause the three-dimensional measur 
ing unit to trace the surface of the Workpiece. 

Because the block data can be set by duplicating one basic 
path, the process of setting the block data is easily per 
formed. 

According to the present invention, there is further pro 
vided an apparatus for measuring a three-dimensional sur 
face shape of a Workpiece by moving a three-dimensional 
measuring unit mounted on a robot to trace a surface of the 
Workpiece, comprising a block data setting recorder for 
setting and recording block data representing a measuring 
operation to cause the three-dimensional measuring unit to 
trace a predetermined area, a data input unit for setting a 
length and/or a height of the Workpiece, a basic shape 
selector for selecting one of a plurality of basic shape types 
Which is similar to a shape of the Workpiece, a block data 
duplicator for duplicating the block data such that a hypo 
thetical block representing the block data covers an area to 
be measured of the surface of the Workpiece Which is 
projected onto a hypothetical space, depending on the 
selected basic shape type and the length and/or the height of 
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the workpiece, and a measurement performing unit for 
measuring the surface shape of the workpiece based on the 
duplicated block data. 
By thus measuring the surface shape of the workpiece 

based on the duplicated block data, the robot can be trained 
for operation simply within a short period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a three-dimen 
sional shape measuring apparatus according to an embodi 
ment of the present invention; 

FIG. 2 is a perspective view of an articulated robot having 
a laser scanner and a movable carriage with the articulated 
robot placed thereon; 

FIG. 3 is a schematic perspective view showing the 
manner in which the surface shape of a workpiece is 
measured using the laser scanner and a laser displacement 
gage; 

FIG. 4 is a schematic block diagram of the three-dimen 
sional shape measuring apparatus according to the embodi 
ment of the present invention; 

FIG. 5 is a schematic block diagram of an internal 
processing system of a computer; 

FIG. 6 is a ?owchart of the sequence of a three-dimen 
sional shape measuring method according to an embodiment 
of the present invention; 

FIG. 7 is a ?owchart of the sequence of a process of 
setting and recording block data; 

FIG. 8 is a diagram showing block data; 
FIG. 9 is a ?owchart of the sequence of a process of 

vertically copying block data based the shape of a work 
piece; 

FIG. 10 is a diagram showing a large block made up of 
two small blocks; 

FIG. 11 is a ?owchart of the sequence of a process of 
vertically copying block data based the shape of a workpiece 
if the workpiece is a wagon; 

FIG. 12 is a ?owchart of the sequence of a process of 
vertically copying block data based the shape of a workpiece 
if the workpiece is a sedan; 

FIG. 13 is a ?owchart of the sequence of a process of 
vertically copying block data based the shape of a work 
piece; 

FIG. 14 is a diagram showing the manner in which block 
data is copied horizontally if the workpiece is a wagon; 

FIG. 15 is a diagram showing the manner in which block 
data is copied horizontally if the workpiece is a sedan; and 

FIG. 16 is a schematic perspective view of an example in 
which the three-dimensional shape measuring apparatus is 
disposed on a bed having a grid-like pattern of moving 
paths. 

DETAILED OF AN EXEMPLARY 
EMBODIMENT 

A method of and an apparatus for measuring a three 
dimensional shape according to an embodiment of the 
present invention will be described below with reference to 
FIGS. 1 through 16 of the accompanying drawings. 
As shown in FIG. 1, a three-dimensional shape measuring 

apparatus 10, to which a three-dimensional shape measuring 
method according to the present embodiment is applied, is 
a system for measuring the three-dimensional shape of a 
workpiece W shaped as a vehicle. The three-dimensional 
shape measuring apparatus 10 has an articulated robot 14 
having, as an end effector, a laser scanner (three-dimensional 
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4 
measuring unit) 12 for measuring the surface shape of the 
workpiece W, a position detecting device 16 for detecting 
the position of the laser scanner 12, and a data processor 18 
for processing data supplied from the articulated robot 14 
and the position detecting device 16. The articulated robot 
14 is placed on a movable carriage 22, which houses therein 
a controller 19 for controlling the articulated robot 14. The 
workpiece W is a clay model whose shape has not yet been 
converted into data, for example, and has not yet been 
recognized by the controller 19. 
The articulated robot 14 has seven-axis joints and attitude 

redundancy. Speci?cally, the articulated robot 14 can take 
various attitudes (theoretically, an in?nite number of atti 
tudes) while keeping the position and attitude of the laser 
scanner 12. A laser displacement gage 20 for measuring the 
distance up to the workpiece W (see FIG. 3) is mounted on 
a distal end 36 of the articulated robot 14 by a support 20a. 
The articulated robot 14 moves the laser scanner 12 along 

the surface of the workpiece W based on basic teaching data 
as indicated by the arrow 21. At this time, the articulated 
robot 14 moves the laser scanner 12 to keep the laser scanner 
12 at a predetermined distance L+e spaced from the surface 
of the workpiece W by referring to the data of the laser 
displacement gage 20. 
The movable carriage 22 with the articulated robot 14 

placed thereon is self-propelled for movement along a rail 
26 that extends parallel to a propeller shaft axis 24 of the 
workpiece W. Because the articulated robot 14 is movable, 
after a certain area of the workpiece W has been measured, 
the articulated robot 14 is moved to measure a next area of 
the workpiece W. 
As shown in FIG. 2, the articulated robot 14 has a base 30 

and a ?rst arm 32 and a second arm 34 that are successively 
mounted on the base 30. The laser scanner 12 is mounted on 
the distal end 36 of the second arm 34. The ?rst arm 32 is 
connected to the base 30 through axes J1, J2 for horizontal 
and vertical angular movement. The ?rst arm 32 can be 
twisted about an axis J3 disposed therein. 
The second arm 34 is angularly movably coupled to the 

?rst arm 32 through an axis J4. The second arm 34 can be 
twisted about an axis J5 disposed therein. 
The distal end 36 is angularly movably coupled to the 

second arm 34 through an axis J 6, and can be twisted about 
an axis J7 disposed therein. 

Because the articulated robot 14 has the seven-axis joints, 
the articulated robot 14 has attitude redundancy as described 
above so as to be freely movable as with a human arm. 

All of the axes J1 through J7 of the articulated robot 14 
may not necessarily be angularly movable. Rather, the 
articulated robot 14 may have movable units for expansion 
and contraction, parallel link motion, or the like insofar as it 
is structured for attitude redundancy. The number of joints 
may be eight or more. 

As shown in FIG. 3, the laser scanner 12 has infrared 
LEDs (Light Emitting Diodes) 40 disposed respectively on 
three protrusions. The position detecting device 16 (see FIG. 
1) detects infrared radiations emitted from the infrared LEDs 
40 with three detectors 42, each including a one-dimensional 
CCD (Charge-Coupled Device), and accurately detects the 
position of the laser scanner 12 in a three-dimensional space. 
The position detecting device 16 may have two or more 
two-dimensional CCDs as the detectors 42. 

Speci?cally, the position detecting device 16 detects 
respective energies from the three infrared LEDs 40 with the 
detectors 42 and recognizes the directions of the infrared 
LEDs 40 from the detectors 42 for thereby determining the 
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spatial position and attitude of the laser scanner 12. The 
position detecting device 16 performs this process in real 
time. 

The laser scanner 12 can measure the surface shape of the 
Workpiece W in a Zone having a detection Width D by 
applying a laser beam from a laser beam emitter 50 While 
scanning the Zone in the direction indicated by the arroW B. 
The laser scanner 12 has a measurable range. The distance 
from the surface of the Workpiece W to the laser beam 
emitter 50 needs to be set in the range of LIE, and is 
measured by the laser displacement gage 20. The data 
measured by the laser displacement gage 20 is supplied to 
and processed by the controller 19, Which controls the 
attitude of the articulated robot 14 to hold the laser scanner 
12 in an appropriate position. 
As shoWn in FIG. 4, the controller 19 has a motion control 

board 54 for moving the articulated robot 14 through a servo 
driver 52, an input/output interface 56, and a computer 58. 
The computer 58 is connected to the motion control board 54 
and the input/output interface 56, and controls the controller 
19 in its entirety. The computer 58 includes a CPU Which 
serves as a main processing unit that operates by loading a 
program from a predetermined program recording medium, 
and a ROM as the predetermined program recording 
medium, a RAM, etc. 

The movable carriage 22 has tWo area sensors 61a, 61b as 
safety units for monitoring the periphery thereof. The con 
troller 19 is connected to an area sensor interface 60 as an 

interface With the area sensors 61a, 61b, and is capable of 
detecting Whether there is an obstacle or not. The controller 
19 is also capable of operating a propelling shaft motor 64 
by an ampli?er 62 for self-propelling the movable carriage 
22. The controller 19 is connected to a teaching box (data 
input unit) 66 for setting block data 120 (see FIG. 8) serving 
as basic teaching data, and also to an operating box 68. The 
controller 19, the teaching box 66, and the operating box 68 
can perform data communication With each other. The 
teaching box 66 has a monitor screen 6611 as a display 
means. 

If the movable carriage 22 has an uninterruptible poWer 
source and the controller 19 or the like is energiZed through 
the uninterruptible poWer source, then the operation reli 
ability is increased. 
As shoWn in FIG. 5, the computer 58 has a block data 

setting recorder 100 for setting block data 120 (see FIG. 8) 
representative of measuring operation to cause the laser 
scanner 12 to trace a predetermined area and recording the 
set block data 120, a basic shape selector 102 for selecting 
one of basic shape types Which is similar to the shape of the 
Workpiece W, a block data duplicator 104 for duplicating the 
block data 120 such that a hypothetical block representing 
the block data 120 covers an area to be measured of the 
surface of the Workpiece W that is projected onto a hypo 
thetical space, depending on a selected basic shape type and 
the length U (see FIG. 14) and the height h of the Workpiece 
W, and a measurement performing unit 106 for operating the 
articulated robot 14 and the propelling shaft motor 64 based 
on the duplicated block data 120. The measurement per 
forming unit 106 has a robot attitude calculating unit 10611 
for operating the articulated robot 14 and a carriage position 
calculating unit 1061) for operating the propelling shaft 
motor 64. 

The computer 58 has an external signal monitoring unit 
110 for manually operating or stopping, in an emergency, the 
articulated robot 14 and the propelling shaft motor 64 based 
on a sWitch signal supplied from the operating box 68 or the 
like. 
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6 
The length U (see FIG. 14) and the height h of the 

Workpiece W are entered using the teaching box 66 and 
stored in a parameter recording unit 108. The data stored in 
the parameter recording unit 108 and the block data 120 set 
by the block data setting recorder 100 can be displayed on 
the monitor screen 6611. 

FIG. 5 schematically shoWs in simpli?ed block form the 
relationship betWeen the internal processing system of the 
computer 58 and external devices for a better understanding 
With the input/output interface 56 (see FIG. 4), etc. being 
omitted from illustration. 

Next, a method of measuring the surface shape of the 
Workpiece W With the three-dimensional shape measuring 
apparatus 10 thus arranged by causing the laser scanner 12 
mounted on the articulated robot 14 to trace the surface of 
the Workpiece W Will be described beloW With reference to 
FIG. 6. According to the sequence shoWn in FIG. 6, an 
inputting process using the teaching box 66 (see FIG. 4) and 
the operating box 68 and a con?rming process using the 
monitor screen 6611 are performed by the operator, and other 
processes are basically performed by programmed operation 
of the computer 58. In the description Which folloWs, the 
direction of the propeller shaft axis is referred to as a Y 
direction (see FIG. 14), the vertical direction of the Work 
piece W as a Z direction (see FIG. 14), and the direction 
perpendicular to the Y and Z directions (the direction 
perpendicular to the sheet of FIG. 14) as a X direction. 

In step S1, Which is a preparatory process, the block data 
setting recorder 100 (see FIG. 5) mainly operates to set and 
record the block data 120 (see FIG. 8). Basically, once step 
S1 is executed, it may subsequently be omitted. 

Then, mainly the block data duplicator 104 operates to 
duplicate the block data 120 based on the basic shape type 
of the Workpiece W. 

Speci?cally, in step S2, the block data 120 is duplicated 
in the Z direction that is the vertical direction based on the 
shape of the Workpiece W. 

Then, in step S3, the block data 120 is duplicated in the 
Y direction that is the horizontal direction based on the 
shape of the Workpiece W. 
The processing of steps S2, S3 may be dispensed With for 

Workpieces W having similar shapes. The processing of 
steps S2, S3 is basically performed by programmed opera 
tion of the computer 58 to duplicate the block data 120 such 
that the Workpiece W is covered With the block data 120 in 
a hypothetical space. To alloW the operator to judge Whether 
or not the processing is performed properly With ease, the 
Workpiece W and the block data 120 in a hypothetical space 
may be displayed in a graphic pattern on the monitor screen 
6611 during the processing. 

In step S4, mainly the measurement performing unit 106 
operates the articulated robot 14 and the propelling shaft 
motor 64 to measure the three-dimensional shape of the 
Workpiece W. 

The processing of step S1, i.e., the process for setting and 
recording the block data 120, Will be described beloW With 
reference to FIGS. 7 and 8. 

Tool coordinates of the laser scanner 12 Will be indicated 

as Pa(X, Y, Z, q), 6, 11)) or QaQ(, Y, Z, q), 6, 11)). The 
parameters X, Y, Z represent absolute values respectively in 
the X, Y, and Z directions, and the parameters 4), 6, 11) 
represent attitude values in rolling, pitching, and yaWing 
directions. The su?ix “a” represents a natural number indica 
tive of the operating order, teaching order, or the like. For the 
sake of convenience, PaQ(, Y, Z, q), 6, 11)) Will also be 
referred to as Pa and QaQ(, Y, Z, q), 6, 11)) as Qa. 












